Background Frequently, patients undergo repeated wrist arthroscopies for single wrist problems. Purpose The purposes of this study were to assess the indications for repeat wrist arthroscopies and to identify potentially preventable procedures. Methods For this retrospective, two-center study, the electronic patient records were examined for patients, who underwent repeat wrist arthroscopy in a 5-year period. The cases were sorted by the underlying pathologies and the causes that necessitated repeat arthroscopies. Results Ulnar-sided wrist pain accounted for 100 (77%) of all 133 revision arthroscopies: 67 of which due to suspected ulnar triangular fibrocartilage complex (TFCC) avulsions, 33 due to ulnar impaction syndromes. Cartilage was reassessed in 22 (17%) wrists. Thereby, insufficient preoperative diagnostics necessitated pure diagnostic before therapeutic arthroscopy in 49 (37%) wrists: 48 of which for TFCC pathologies, one for a scapholunate (SL) ligament lesion. The uncertainty of diagnosis despite previous arthroscopy necessitated 18 (14%) revision arthroscopies: 15 for ulnar TFCC avulsions, 1 for a central TFCC lesion, 2 to reevaluate the SL ligament. Inadequate photo or video documentation of the cartilage necessitated arthroscopic reassessment in 16 (12%) wrists. Conclusion In this series, two out of three revision arthroscopies could potentially have been prevented. Inadequate preoperative diagnostics with the lack of reliable preoperative diagnoses necessitated pure diagnostic arthroscopies for ulnar-sided wrist pain. However, even arthroscopically, the diagnosis of ulnar TFCC avulsions or SL ligament lesions is not trivial. Surgical skills and experience are necessary to detect such lesions. Finally, adequate photo or video documentation may prevent repeated arthroscopic diagnostic procedures. Level of Evidence Level IV.
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Level of Evidence Level IV.
Wrist arthroscopy is said to be the gold standard for the diagnosis of various wrist disorders. However, it is our experience that arthroscopies occasionally have to be repeated before planning or performing definitive procedures. One reason for this may be that the interpretation of cartilage lesions 1 and the interpretation of findings with respect to intra-articular ligament lesions differs among surgeons. 2 On the other hand, insufficient photo or video documentation impedes others from reproducing what was diagnosed during arthroscopy. [3] [4] [5] [6] Therefore, for those who perform definitive treatment, repeat arthroscopy serves to get an own idea of the wrists' status. Studies reporting on the incidence and causes for revision arthroscopies in larger joints are numerous. [7] [8] [9] [10] [11] However, only one study on revision wrist arthroscopy is available, reporting on a small cohort of 16 patients.
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The purpose of this study was to evaluate the indications and reasons for revision wrist arthroscopies in a larger cohort. The authors analyzed the different reasons to address the question if these cases included potentially preventable arthroscopic procedures.
Methods
We retrospectively collected all electronic patient records from July 2005 to June 2015 at two hand surgery centers and scanned for patients who underwent repeat wrist arthroscopies. The identified cases were reviewed to discern the underlying indications that had led to the repetition of the arthroscopies. The patients' ages and sex were noted as well as the time interval between the two arthroscopies. It was also noted whether the previous arthroscopy was performed at the same institution or at a different one. The cases were sorted by the pathology (septic or aseptic arthritis; chondrocalcinosis; synovitis) and by the main afflicted intra-articular structure (peripheral and central part of the triangular fibrocartilage complex (TFCC); scapholunate (SL) ligament; cartilage) for which arthroscopy was indicated. The cases were additionally sorted by the causes that necessitated repeat arthroscopies (insufficient preoperative diagnostics; insufficient documentation at primary arthroscopy; uncertainty of diagnosis despite previous arthroscopy; the progress of the underlying disease; recurrent symptoms after primary successful treatment). The data were presented in a descriptive manner. The discussion focused on the question whether some of the repeat arthroscopies could potentially have been avoided.
Results
In the examined 5-year period, institution 1 performed 2,850 arthroscopies and institution 2 performed 290 arthroscopies. Repeated procedures accounted for 4.2 and 4.1%, respectively, of all arthroscopies. Index arthroscopies were performed by surgeons of different levels of experience, all revision procedures at both institutions were performed by senior hand surgeons. ►Table 1 lists the identified patients for both hand surgery centers. ►Fig. 1 illustrates the underlying pathologies and the main afflicted intra-articular structures, for which repeat arthroscopies were indicated. ►Fig. 2 illustrates the different causes for the repeat arthroscopies, which were identified according to the patients' records.
Peripheral Part of the TFCC
The two institutions performed 67 repeat arthroscopies for the diagnosis of suspected ulnar TFCC avulsion and its treatment. Of these, 15 were performed to reevaluate the ulnar TFCC attachment, as the previous arthroscopies' diagnoses did not match the findings of the clinical or magnetic resonance imaging (MRI) examination. The initial diagnosis was confirmed by repeat arthroscopies in seven patients. In six patients, ulnar avulsion was diagnosed, whereas at the initial procedure the TFCC was rated as intact. In two further patients, the previously diagnosed ulnar TFCC avulsion could not be confirmed at the repeat arthroscopy. In 43 patients, 44 repeat arthroscopies were performed to reattach the previously diagnosed ulnar avulsion. Early reattachment (meaning 14 days after initial arthroscopy) was performed in 19 wrists after the discussion of treatment options for the previously diagnosed lesion. In 25 further wrists, reattachment was performed for persistent complaints (meaning 8 months) following the arthroscopic debridement of the ulnar lesion. In eight patients, repeat arthroscopies were performed a mean of 18 months (range, 5-33 months) after initially successful reattachment with alleviation of pain, with four patients reporting having suffered a new trauma.
Central Part of the TFCC
Overall, 35 repeated arthroscopies in 31 patients were performed for ulnar-sided wrist pain due to an ulnar impaction syndrome. Nine of which were previously treated in other institutions. In 17 patients, repeated debridement of the TFCC Three repeat arthroscopies 1 -was performed for symptoms that persisted despite previous arthroscopic treatment. Of these, 14 patients underwent additional ulna shortening. Seven further patients have received ulna shortening 3 to 7 years earlier, which had alleviated the pain in each patient for a while. In three patients, repeat arthroscopies revealed one central and two radial perforations, which were not present at initial arthroscopies 6 and 7 weeks, respectively, and 2 years earlier. TFCC debridement was added by ulna shortening in one of these patients, which alleviated his ulnar-sided wrist pain. Two further patients underwent central TFCC resection at the second arthroscopy, whereas, initially, only a synovectomy was performed due to the lack of a perforation. Two other patients refused ulna shortening. Instead, each of these patients underwent two repeat arthroscopic TFCC debridements with the relieve of their ulnar-sided wrist pain for some months. Due to recurrent symptoms, they finally consented to ulna shortening osteotomies. One patient was referred, as the referring surgeon was not able to access the joint.
Cartilage
A total of 22 patients underwent repeat arthroscopy for cartilage reevaluation. Of these, 10 patients were previously treated at different institutions. In 13 of these patients, a SL ligament tear was the underlying lesion. The findings at the time of the repeat arthroscopy determined whether SL ligament reconstruction or a salvage procedure was to be initiated. In 16 of the 22 patients, insufficient photo or video documentation of the arthroscopic findings was suspected for uncertainty concerning the integrity of the cartilage. The remaining six patients were reassessed for chondromalacia, which was expected due to the natural course of the underlying pathology (distal radius fractures; Kienböck disease; SL ligament lesion; rheumatoid arthritis; septic arthritis).
Scapholunate Ligament
Three patients underwent repeated arthroscopies for suspected SL ligament lesion. In one of these patients, repeat arthroscopy revealed a complete SL ligament lesion, which had not been noted by the surgeon during the primary arthroscopy at another institution. In another patient, repeat arthroscopy revealed a complete SL rupture, whereas during the initial procedure 3 years earlier, only first-degree ligament lesion had been diagnosed. In the third patient, a partial SL ligament lesion had been unexpectedly diagnosed at the time of the initial arthroscopy. Further treatment was discussed with the patient before providing definitive treatment, which consisted of arthroscopic debridement and carpal transfixation and was performed 2 weeks later.
Septic Arthritis
Three patients were treated for septic arthritis. Institution 1 repeated arthroscopic irrigation after 5 days each in two cases. According to the house treatment regimen for septic arthritis, external fixators were additionally applied. Institution 2 treated one patient for septic arthritis with two arthroscopies on two consecutive days.
Aseptic arthritis
Three patients were arthroscopically treated for severe recurrent synovitis. Two of these were caused by chondrocalcinosis. One of these patients underwent repeat arthroscopy after 18 days for persistent swelling and tenderness. The other patient underwent three arthroscopic synovectomies after time-intervals of 5 years and 3 months, respectively. In him, chondrocalcinosis led to the destruction of both the SL and the lunotriquetral ligament, as well as of the TFCC. The third patient had recurrent rheumatic synovitis. Two previous arthroscopies were performed at different institutions 5 and 16 months before. The procedure included an extensive synovectomy of the radiocarpal and midcarpal joints, the debridement of a Mannerfelt cyst, and the debridement of a massive central TFCC lesion.
Discussion
The purposes of this study were to assess the indications for repeat wrist arthroscopies and to identify potentially preventable cases. This study has several limitations aside from its retrospective design. The study only focuses on the reasons and indications for revision arthroscopies and does not provide Fig. 2 The different causes for repeat arthroscopies, which were identified according to the patients' records. Two-thirds of all revision arthroscopies could potentially have been prevented by the proper use of modern magnetic resonance imaging techniques, by a sophisticated process for examining the joint, and, finally, by the adequate documentation of arthroscopic findings. the clinical results thereof. Due to space limitation in this article, the patients' symptoms and clinical examination findings could not be presented. Diagnoses at repeat arthroscopies were only made by one expert, but not confirmed by another. Nevertheless, this should not influence the conclusions of this study. Furthermore, the two participating institutions may tend to indicate the same procedures in the same situations, as the surgeons from both institutions share the same background in medical education. This leads to the particular selection of cases and indications, which does not necessarily reflect the situation for the whole community of hand surgeons.
In this series, the TFCC appears to be the main afflicted intraarticular structure that necessitated repeat arthroscopy. It accounted for three out of four repeat arthroscopies in the two participating institutions. Thereby, the peripheral part of the TFCC played a major role. Half of all repeat arthroscopies in both institutions were indicated for reattachment of an ulnarly avulsed TFCC. Previous arthroscopy, thereby, acted as a pure diagnostic procedure. One might expect that preoperative MRI reliably depicts ulnar TFCC avulsions, so that reattachment can typically be planned in a single procedure. Indeed, highly sophisticated MRI techniques facilitate accurate diagnosis.
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However, the MRIs that we are faced with in daily practice do not always meet the required quality criteria. Wrist curls and contrast media are not consequently used, and radiologists are not always experienced in medical imaging for wrist pathologies. 20 However, the clinical assessment of DRUJ instability, is not trivial as it is influenced by the patients' compliance and by the examiners' experience. 15 All the same, the arthroscopic diagnosis of an isolated foveal detachment is demanding, and misdiagnosis is not uncommon. This is further illustrated by the present study, since 15 of the 133 repeated arthroscopies were performed to reassess the foveal TFCC attachment. Nakamura et al 21 recommended DRUJ arthroscopy, which facilitates the direct visualization of the foveal attachment of the radioulnar ligaments as well as the assessment of the integrity of the DRUJ itself. However, Yamamoto et al 22 found
that the foveal insertion of the TFCC and the sigmoid notch could be visualized only in 57 and 69%, respectively. Due to these technical difficulties, other authors do not recommend DRUJ arthroscopy as a routine procedure. 23 Instead, Unglaub et al 24 proposed the push-off needle test as an additive tool to the standard hook test 25 to diagnose foveal TFCC detachment.
The central part of the TFCC accounted for another fourth of all repeated arthroscopies (35 out of 133). Of these, 29 were necessary for recurrent or persistent ulnar-sided wrist pain due to an ulnar impaction syndrome. The arthroscopies were preceded, accompanied or eventually followed by ulna shortening osteotomies. In this context, Tatebe et al 26 proved the healing potential of the central TFCC portion in half of their patients, who underwent ulna shortening followed by revision arthroscopy. This is somewhat surprising, since the central part of the TFCC is known to be avascular. 15 Nevertheless, this explains recurrence of symptoms despite the reduction of ulnar loading by ulna shortening.
In five further patients with clinically diagnosed ulnar impaction syndrome, only ulnar synovectomy was performed during the initial procedure, since from the radiocarpal view the TFCC was found to be intact. Persistent ulnocarpal pain forced repeat arthroscopy, during which three of these patients demonstrated a centrally located tear. Analogous to these findings, Jang et al 12 reported on six patients who necessitated revision wrist arthroscopy for persistent ulnar-sided pain due to ulnar impaction. During the initial procedures, three Palmer type 1A and three type 1C lesions 27 were debrided, respectively, repaired, whereas during secondary procedures the patients' diagnoses were revised to one Palmer type 2B, three type 2C, and two type 2D lesions. This means that, until revision surgery, two central lesions developed in addition to the initially diagnosed three traumatic-like lesions. As we know that degenerative changes begin at the proximal surface of the TFCC, 28,29 the radiocarpal arthroscopic view may not be sufficient to diagnose an ulnar impaction syndrome. In these cases, additional DRUJ arthroscopy would detect early-degenerative changes. 21, 29 Abe and Tominaga 30 reported on two patients, in whom they diagnosed tears and fibrillations of the TFCC within the DRUJ without radiocarpal tears. TFCC debridement relieved both patients' symptoms. In this context, the two other central TFCC resections in the current study were performed despite the lack of a central perforation. Unfortunately, a "normal" MRI is not able to depict such degenerative TFCC changes reliably. 16 If, instead, preoperative MRIs could be done in a sophisticated manner and by an experienced radiologist, 13 then the central TFCC resection could be planned to decompress the ulnocarpal joint during the initial arthroscopy, even in spite of the lack of a complete perforation. Insufficient photo and video documentation of the arthroscopically diagnosed cartilage lesions led to revision arthroscopy in 16 additional patients. Cartilage assessment already differs among surgeons, when they scope the same patients one-by-one, 1 the quality of assessment diminishes further by inadequate documentation. Löw et al 6 have examined the interobserver diagnoses based on video documents of different lengths. In their study, surgeons rated twice as many false-positive cartilage lesions when viewing short videos compared with when viewing long video sequences. Consequently, they suggested documenting a radiocarpal joint for a minimum of 60 seconds, whereas the video of a midcarpal joint should last a minimum of 45 seconds.
Repeated arthroscopic cartilage assessment was mostly indicated in association with a SL ligament lesion. The reassessment of the ligament itself accounted for three patients only, and only one of these constitutes a misdiagnosis during a previous arthroscopy. Jang et al 12 reported on four patients whom they diagnosed with a dynamic SL ligament injury, whereas the initially scoping surgeon had described only Palmer type 1A TFCC lesions. They found that the probe could be inserted or even turned in between the scaphoid and lunate from midcarpal and they treated this by thermal shrinkage. As a result, the pain level reduced from 8.1 to 3.1. However, the overall results were poor, and all four patients needed subsequent salvage procedures. This illustrates that the interpretation of SL ligament findings differs among surgeons. Whereas the classification of Geissler et al 31 is
widely accepted, some surgeons doubt that the insertion of the probe in between the two bones from midcarpal constitutes a relevant SL ligament lesion.
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Repeat arthroscopic irrigation and debridement for aseptic or septic arthritis finally accounted for seven patients. With respect to septic arthritis, institution 1 repeated arthroscopies for persistent clinical signs of infection, whereas institution 2 performed repeat arthroscopy the next day according to the house treatment regimen for septic arthritis. Sammer and Shin
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retrospectively compared open and arthroscopic treatment for septic arthritis of the wrist. When only the wrists were affected, all arthroscopically treated patients could be treated with a single procedure, whereas six out of seven openly treated patients needed more than one operation. This benefit was not found, when infection affected multiple sites. The study illustrates the effectiveness of arthroscopic treatment. Repeat arthroscopy can be discussed, therefore, and may be indicated by the patients' clinical course. Correspondingly, for the hip joint, one single arthroscopic irrigation was shown to be affective.
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Among the 133 revision arthroscopies, two out of three could potentially have been prevented. Some pure diagnostic arthroscopic procedures for ulnar-sided wrist pain could be omitted by the proper use of available modern MRI techniques. However, even with the so-called gold standard arthroscopy, the diagnosis of ulnar TFCC avulsions or SL ligament lesions is not trivial. Surgical skills and experience are necessary to detect such lesions. Finally, arthroscopic findings have to be documented adequately to prevent repeated arthroscopic diagnostic procedures.
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